The purpose of this activity is for students to investigate water quality, and the factors that affect it, at a local beach. This is accomplished by (1) measuring concentrations of Escherichia coli and Enterococcus, two types of bacteria commonly used as fecal indicators, in water and sand samples from a local beach;
to culture in the laboratory; (2) the detection limit of laboratory methods may be much higher than the infectious dose, so water that tests "clean" could still cause disease; and (3) often, the pathogens behind swimming-related diseases are unknown, and it would be prohibitively expensive and time consuming to test for all pathogens that might be present. Thus, scientists, beach managers, and environmental policymakers typically test water for bacterial indicators, rather than actual pathogens.
FIB are species of bacteria that indicate the presence or absence of human waste and the pathogens associated with it.
An ideal indicator should have the following characteristics:
(1) quick, easy, affordable detection; (2) Present US state and federal water-quality standards are based on an epidemiological study (Cabelli et al., 1982) that showed a direct, linear relationship between concentrations of E. coli and Enterococcus in bathing waters and swimmingassociated risk of gastrointestinal illness at beaches in New York, Louisiana, and Massachusetts. Some later studies (e.g., Seyfried et al., 1985; Corbett et al., 1993, and Haile et al., 1999) supported the use of these bacteria as fecal indicators; however, others have shown that FIB are not always correlated with pathogens in wastewater (Thompson et al., 2003; Van Heerden et al., 2003) or environmental waters (Lipp et al., 2001; Noble and Fuhrman, 2001; McQuaig et al., 2006) . In addition, when FIB originate from nonpoint sources, they may not correlate with human health risk (Colford et al., 2007) .
Recently, beach sand has been implicated as a source of FIB to coastal marine waters (Oshiro and Fujioka, 1995; Ferguson et al., 2005; Yamahara et al., 2007) . Sand may become contaminated by human or animal feces, wastewater, or polluted 
reSeArch QUeStIoNS
The questions addressed in this activity are:
• Are E. coli and Enterococcus present in water from a local beach? If so, do they exceed state and federal standards?
• Are E. coli and/or Enterococcus present in sand from a local beach?
• Are concentrations of E. coli and/or enterococci related to (1) distance of the sampling location from the shoreline, (2) distance from specific beach facilities or natural features (e.g., bathrooms, standing water, river outlet), or (3) depth of the sampling location?
• Are concentrations of E. coli and/or enterococci related to sand properties, such as water content or grain size?
MAterIAL S
Note: Materials used in more than one step are only listed once to avoid repetition.
For sand collection:
• Latex or nitrile gloves (1 pair per person)
• Sterile collection container with a volume of about 100 mL. Either use a new container for each sample or sterilize the container by washing thoroughly with soap and water, soaking for at least one hour in a 10% solution of household bleach (making sure the solution gets inside each container), and finally rinsing thoroughly with water.
• Hand augur or small shovel For FIB analysis:
• Balance
• Sterile ~100 mL plastic bottle (1 per sample)
• Distilled or purified water
• Labeling tape
• Permanent marker
• Stopwatch or watch with second hand
• Sterile 10 mL pipette (1 per sample)
• Pipette bulb
• Colilert-18 and Enterolert reagents (IDEXX, Westbrook, ME) (1 of each per sample).*
• 90-mL bottles of Butterfield buffer (Whatman Inc., Kent, UK) (2 per sample) (If Butterfield buffer is unavailable, 90 mL of distilled water in a sterile container may also be used.)*
• Quanti-Tray (IDEXX, Westbrook, ME) (2 per sample)* For measuring water content:
• Small, oven-safe containers (for example, muffin cups, silicone baking cups, or small boats made out of aluminum foil)
• Oven
For measuring grain size:
• Set of nested sieves covering the general size range of 100 µm (fine sand) to 30 mm (coarse gravel)* * Note: A local university, government agency, or nonprofit organization that monitors water quality may be able to help you by donating or letting you use these supplies and/or equipment. Check before you make an expensive purchase!
ActIVIty generating hypotheses and tests
Once the students have decided upon their research question(s), they should generate a hypothesis for each one.
Hypotheses should be based on background research (if time allows), or on logical reasoning about what factors affect bacteria in the environment. A key feature of a good hypothesis is that it is testable using the time and resources available. Some example hypotheses related to the research questions above are:
• E. coli and Enterococcus will not exceed the state standard at the local beach, because we have never observed any evidence of wastewater there.
• E. coli and Enterococcus will be present in sand from a local beach, because they have been found in sand samples at many • FIB concentrations in sand will be highest near bathrooms, parking lots, and roads because of greater human impact in these areas.
• FIB concentrations will be higher in wet sand than in dry sand because bacteria need water to live. 
FIB Analysis
Conduct FIB analyses within six hours of sample collection.
Gloves should be worn while performing FIB analyses. Using the balance, measure out approximately 10 g of sand into a sterile 100 mL container and record the exact mass. Add distilled 
Water content Analysis
For each sample, tare a small, oven-safe container on the bal- . decision tree for choosing an appropriate statistical test to compare two groups of samples. When the distributions of the two groups differ from each other, choose the path that requires the fewest assumptions. For example, if one distribution is symmetrical and one is not, choose "not symmetrical." Adapted from Moore and McCabe (2003) dIScUSSINg
reSULtS ANd dr AWINg coNcLUSIoNS
Good scientific research presents not only the results, but also a discussion of how the results relate to each other and to other information available about the system being studied. Some questions to start the discussion are:
• Do the results support the hypotheses?
• If not, did you learn something unexpected about the system?
• Of the factors you measured, which (if any) is most related to the prevalence of FIB? Why do you think this is?
• Do the two FIB measured in this study behave similarly? What does this say about their use as fecal indicators?
• Does this study support the idea that sand is a source of FIB to beach water? Why or why not?
• Based upon your results, do you think FIB fit the Environmental Protection Agency's definition of an ideal indicator? Why or why not? Can you think of an indicator that might work better?
• Did this activity change how you feel about your local beaches? How?
geNer AL coMMeNtS 
poSSIBLe ModIFIcAtIoNS
This activity can be expanded, simplified, or modified to accommodate students' interests, academic levels, local environments, and time constraints. Depending on the questions to be addressed, samples could be collected in as little as an hour during a class field trip and processed within one day.
The activity can be conducted once, and then the results can be used to direct future research projects. For example, the year after completing this activity, Madsen and Leopold did a follow-up project in which they tested water samples for FIB, then ran the water through sand cores from the beach to see if the sand added or removed FIB from the water.
Before beginning sample collection, students or instructors should plan out how long each analysis will take. For example, bacterial incubations should be read during a four-hour window, so it is important to make sure in advance that someone is available to read the trays when they are done. To save time and money, students can use either the Enterolert or the Colilert-18 kit, instead of both. Some suggested variations include:
• Collecting replicate samples to assess the precision of the sampling method.
• Conducting a time series to see how FIB concentrations change over time, perhaps in response to factors such as tides, daylight, and rainfall.
• Comparing two locations with different levels of human impact (for example, a heavily used beach vs. a relatively isolated one).
• Investigating whether FIB concentrations in water and sand from the same location are related.
• Measuring FIB concentrations in soil and water samples collected from locations on campus or near students' homes.
• Investigating the relationship between FIB and other parameters, such as organic content of sand or nutrient concentrations in water, if the facilities to measure these parameters are readily available.
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AddItIoNAL oNLINe reSoUrceS
This list is only a small sampling of the vast amount of information that is available online about fecal indicator bacteria and their use for water quality monitoring. are the variances of the two groups, and n 1 and n 2 are the number of measurements in each group, respectively. To calculate the degrees of freedom, choose the lower value between n 1 and n 2 and subtract 1. A t-distribution table (found in most statistics textbooks) or an online p-value calculator can then be used to determine the p-value; p < 0.05 is a common criterion for significance in scientific work.
chi-square statistic
The Chi-square statistic tests whether the incidence of a certain event (for example, detection of E. coli) is spread randomly over different groups. In this test, we classify samples as either positive (E. coli was detected) or negative (E. coli was below the detection limit) rather than using actual concentration. 
where i is the group number (either 1 or 2), R i is the sum of ranks for group i, and n i is the number of measurements in group i. Select the smaller of the two U statistics and use a table to find the p-value.
testing the significance of a linear correlation
The significance of a linear correlation can be tested by computing a t statistic:
where r is the correlation between the two variables (or, the square root of the r 2 statistic from simple linear regression) and n is the number of measurements. The p-value can be found using the same table as in the two-sample t-test.
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